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SrPt3P has recently been reported to exhibit superconductivity with Tc = 8.4 K. To explore its
superconducting mechanism, we have performed electron and phonon band calculations based on the
density functional theory, and found that the superconductivity in SrPt3P is well described by the
strong coupling phonon-mediated mechanism. We have demonstrated that superconducting charge
carriers come from pdpi-hybridized bands between Pt and P ions, which couple to low energy (∼ 5
meV) phonon modes confined on the ab in-plane. These in-plane phonon modes, which do not break
antipolar nature of SrPt3P, enhance both the electron-phonon coupling constant λ and the critical
temperature Tc. There is no hint of a specific phonon softening feature in the phonon dispersion,
and the effect of the spin-orbit coupling on the superconductivity is found to be negligible.
PACS numbers: 74.20.Pq, 74.25.Kc
New antiperovskite superconductors have been re-
cently discovered in a family of Pt-based phosphides
APt3P (A = Sr, Ca and La) with Tc = 8.4 K, 6.6 K
and 1.5 K, respectively [1]. SrPt3P, which has the high-
est Tc among APt3P, was classified as a strong coupling
s-wave superconductor with 2∆/kBTc ≈ 5 [1]. This sys-
tem is reminiscent of other antiperovskite superconduc-
tors, MgNi3C with Tc ∼ 8 K [2] and CePt3Si with Tc
= 0.75 K [3]. APt3P has a strongly exchange-enhanced
paramagnetic element Pt in common with MgNi3C that
has a magnetic element Ni. The superconductivity in
MgNi3C was explained well by the phonon-mediated
mechanism [4]. On the other hand, CePt3Si is a heavy
fermion superconductor having polar nature due to lack
of inversion symmetry. While APt3P has inversion sym-
metry, it also possesses spontaneous polarizations but
with antipolar nature. The superconducting mechanism
in CePt3Si is still under intensive investigation [5].
Distinctly from the cubic antiperovskite MgNi3C,
SrPt3P crystallizes in a tetragonal structure with a space
group (P4/nmm) (see Fig. 1). Phosphorous (P) anions
are located inside Pt6 octahedra. There are two types
of Pt ions. The Pt(I) sits on 4e symmetry site in the
in-plane of the system, while the other Pt(II) sits on
2c symmetry site at the out-of-plane position. In-plane
Pt(I) ions form a square lattice and have equal distances
from the central P anion, which is located closer to one
of the Pt(II) ions along the c-axis. Due to the displaced
P ion inside the distorted Pt6 octahedron, the sponta-
neous electric polarization emerges in SrPt3P, as shown
in Fig. 1. The polarizations in SrPt3P are ordered in an
antiparallel manner within the unit cell, and so SrPt3P
has antipolar nature.
Based on the measurements of specific heat and Hall
resistivity, Takayama et al. [1] proposed existence of low-
lying phonons and multiple Fermi surfaces in SrPt3P.
They suspected that the strong spin-orbit coupling
(SOC) of 5d electrons in Pt might play some roles in
creating the multiple Fermi surface pockets. Then they
suggested that the low-lying phonons couple strongly to
the multiple Fermi surfaces, which would produce the
relatively high Tc in SrPt3P. Nekrasov et al. [6], there-
after, calculated the band structure of SrPt3P using the
linearized muffin-tin orbital (LMTO) method and con-
firmed the multiple Fermi surfaces in this system. They
found that the multiple Fermi surfaces have a quite
complicated three-dimensional (3D) topology, indicating
an intricate superconducting gap structure. Therefore,
in order to clarify the superconducting mechanism in
SrPt3P, it is urgently demanded to examine phonon dis-
persions and the electron-phonon coupling strength in
SrPt3P.
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FIG. 1: (Color Online) Crystal structure of SrPt3P. Pt ions
have two symmetry sites, 4e and 2c, at which Pt(I) and Pt(II)
are located, respectively. Due to the displaced P ion in the Pt6
octahedron, the electric polarization emerges as marked by
red arrows. Because the polarizations are antiparallel, SrPt3P
has antipolar nature. Local x, y, and z coordinates for ana-
lyzing partial characters of bands and DOSs are presented.
2-2.0
-1.0
0.0
1.0
2.0
 X M   Z R A
E
 -
 E
F
(e
V
)
(a) (b)
(c) (d)
Z
A
M
X
R
2.0
1.0
0.0
-1.0
-2.0
 X M  Z R A
E
 -
 E
F
(e
V
)
2.0
1.0
0.0
-1.0
-2.0
 X M  Z R A
Pt(I) Pt(II)
FIG. 2: (Color Online) (a) Band structures and (b) Fermi
surface of SrPt3P (WIEN2k results without considering the
SOC). The band dispersions near EF and Fermi surfaces are
essentially the same between the SOC and without the SOC
scheme, indicating a negligible effect of the SOC. (c) Pro-
jected Pt(I) and (d) Pt(II) band character plots. Pt(I) dxy
and Pt(II) dxz+yz states crossing EF are important in the
superconductivity of SrPt3P.
In this letter, we have investigated electronic structures
and phonon dispersions of SrPt3P to explore its super-
conducting mechanism. We have found that the phonon-
mediated mechanism describes well the superconductiv-
ity in SrPt3P, and superconducting carriers arise mostly
from the in-plane pdpi-hybridized states between Pt and
P ions, which are strongly coupled to specific low energy
phonon modes confined on the ab in-plane. Those two-
dimensional (2D)-like vibrations do not break antipolar
nature in SrPt3P. In addition, we have discussed why
SrPt3P has the highest Tc among the family of Pt-based
superconductor APt3P (A = Sr, Ca, and La).
For the electronic structures, we have used both the all-
electron (WIEN2k) [7] and the pseudopotential (Quan-
tum Espresso) [8] band methods in the generalized gradi-
ent approximation (GGA), while, for phonon dispersion
calculations, we have used the linear response method [9]
implemented in the latter code [10]. Since the Wilson ra-
tion for SrPt3P is close to one [1], correlation effects will
not be large, and so the standard density functional the-
ory calculation will be sufficient to describe the system.
Structural parameters of SrPt3P are employed from the
experiment [11].
Figure 2 shows the band structures and the Fermi sur-
face of SrPt3P without the SOC. We have confirmed that
the band structures with and without the SOC are essen-
tially the same, especially near the Fermi level (EF ), and
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FIG. 3: (Color Online) Density of states (DOS) in the no-
SOC scheme of WIEN2k. (a) Projected and partial DOSs per
unit cell for Sr, Pt(I), Pt(II), and P. (b) (Top) Total charge
densities on the xz and xy planes. The dominant bondings
between the Pt and P ions are pdσ-states, which are located
far below EF . (Bottom) Charge densities near EF (from −0.2
eV to EF (= 0)) on the xz and xy planes, which manifest pdpi-
antibondings between Pt and P ions. The dotted yellow and
red lines are guides for pi-antibonding.
so Fermi surfaces also become almost the same. This fea-
ture is contrary to the expectation that the large SOC
in Pt would play an important role in the superconduct-
ing properties of SrPt3P [1]. There are two bands cross-
ing EF . The band that forms a hole pocket Fermi sur-
face (FS) around X comes mainly from in-plane Pt(I)
dxy states, as seen in Fig. 2(c). Two nearly flat bands
above and below EF along M−Γ−Z also correspond to
these states. On the other hand, the dispersive band
that makes a hole FS around R has more Pt(II) dxz+yz
characters, which arise from antibonding states between
Pt(II) and P. A very dispersive band crossing EF along
Γ−Z arises from the strong antibonding states between
Pt(II) 5d and P 3p along the c-axis. This free electron-
like feature along the c-axis is supposed to trigger 2D-like
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FIG. 4: (Color Online) (a) Phonon dispersion, (b) total, and
(c) partial phonon DOSs of SrPt3P. Phonon DOS has the peak
structure at low energy of ∼ 5 meV, which corresponds to the
Pt(I) vibration on the ab in-plane. This mode contributes to
the superconductivity dominantly.
in-plane phonon vibrational modes.
Figure 3(a) shows the partial density of states (DOS)
of SrPt3P. The DOS at EF has contributions largely from
Pt(I) dxy, Pt(II) dyz+xz, and P px,y states. The pair of
Pt(II) dz2 and P pz orbitals and that of Pt(I) dx2−y2
and P px,y orbitals form pdσ-bondings, as shown in the
top of Fig. 3(b), respectively, and so those states are
located far below EF . Superconducting carriers near EF
have pdpi-antibonding characters, which consist of pairs
of Pt(I) dxy and P px,y orbitals and Pt(II) dyz+xz and
P px,y orbitals (see Fig. 3(b) bottom). Hence, the Fermi
surface in Fig. 2(b) is made of those charge carriers in the
covalent pdpi-antibonding states of Pt(I)-P and Pt(II)-P
ions. These two different pdpi-antibonding states support
the proposed multiple band nature of superconductivity
in SrPt3P [1].
Figure 4 shows the phonon dispersion and correspond-
ing total and partial phonon DOSs of SrPt3P [12]. High
energy phonons above 40 meV come solely from the vi-
bration of P ions, as shown in Fig. 4(c). The low energy
phonons originate from the mixture of vibrations of the
whole ions in SrPt3P. Most interesting is the existence
of almost flat optical modes near 5 meV, which are lo-
cated even lower than some acoustic modes. These low
energy phonon modes are indeed consistent with the pre-
diction by Takayama et al. [1]. Pt(I) ions play a domi-
nant role in producing these low phonon energy states,
which lead to the highest peak in the phonon DOS (see
Fig. 4(c)). Note that there is no hint of the specific
phonon softening in Fig. 4, such as the imaginary fre-
quency or dip feature, again unlike the expectation of
Takayama et al. [1]. Generally, the highest phonon DOS
peak in the low energy regime yields the large electron-
phonon coupling constant λ and the critical temperature
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FIG. 5: (Color Online) (a) Eliashberg function α2F (ω) and
the electron-phonon coupling constant λ for SrPt3P. α
2F (ω)
has the highest peak at around 5 meV, which corresponds to
the peak position of DOS in Fig. 4(b). λ grows abruptly at the
peak position of α2F (ω). (b) Optical phonon normal mode
near 5 meV at Γ, (c) and that at A, which are viewed along
the c-axis. The normal mode at Γ corresponds to rotational
modes of Pt6 octahedra about the c-axis, while that at A is a
variation of that at Γ. (d) Acoustic phonon normal mode near
5 meV at M. Blue and red arrows at M represent two different
acoustic modes, which are degenerate. Phonon normal modes
at M and A yield large λqν .
Tc. For comparison, we have also checked the phonon
DOSs of LaPt3P and CaPt3P, and found that the low
energy peak obtained for SrPt3P is much suppressed for
LaPt3P and CaPt3P. This explains why SrPt3P has the
highest Tc among APt3P (A=Sr, Ca and La). The reason
why SrPt3P has the highest peak at low energy phonon
DOS seems to be related to the structural geometry. Note
that crystal ionic radii of Sr2+, Ca2+, and La3+ are 132,
114, and 117.2 pm, respectively [13]. Since the crystal
ionic radii of Sr is the largest, the vibrational mode of
Pt(I) ions become mostly localized in SrPt3P. This fea-
ture is similar to rattling modes observed in KOs2O6 [14].
Figure 5(a) shows the Eliashberg function α2F (ω) and
the electron-phonon coupling constant λ of SrPt3P. It
is seen that α2F (ω) has the highest peak at ∼ 5 meV,
which corresponds to the highest peak position in the
phonon DOS. Accordingly, λ grows abruptly at ∼ 5 meV.
Due to the strong pdσ-bonding between Pt(II) and P
ions (Fig. 3(b) top), the vibrational mode along the c-
axis would have high energy, and so it does not give
large λ. In contrast, the ab in-plane vibrational mode
of Pt(I) is easily activated, which in turn perturbs the
covalent pdpi-antibonding states between Pt and P ions.
As a consequence, charge carriers in the pdpi-antibonding
4states couple strongly with the low-energy phonons so
as to produce large λ. The in-plane vibration of Pt(I)
ions is, therefore, essential in the superconductivity of
SrPt3P. Note that the in-plane vibration of Pt(I) ions
does not break antipolar nature of SrPt3P. Since the in-
plane phonon modes of Pt(I) ions couple more strongly
with the pdpi-antibonding state of Pt(I)-P ions than that
of Pt(II)-P ions, a two-gap structure might be possible
in SrPt3P, as observed in MgB2 [15].
The normal modes of almost flat low energy phonons
in Fig. 4(a) are plotted in Fig. 5(b), (c), and (d), which
correspond to optical modes at Γ and A, and the acous-
tic mode at M, respectively. The normal mode at Γ in
Fig. 5(b) corresponds to rotational modes of all the Pt6
octahedra about the c-axis. The normal mode at A is
considered to be a variation of that at Γ. Namely, the
normal mode at A also corresponds to rotational modes
of Pt6 octahedra, but the neighboring Pt6 octahedron
rotates in the opposite direction. The normal mode at
M corresponds to a linear superposition of two degener-
ate acoustic modes (red and blue arrows in Fig. 5(d)).
Four Pt(I) ions get close to or apart from interstitial cen-
ters, whereby electrons are attracted or repelled to be
effective in forming Cooper pairs. Note that all these
low energy phonon modes do not break antipolar nature,
and strongly couple to pdpi-antibonding states near EF
so as to yield large λ. For example, the acoustic and op-
tical phonon modes at M and A near 5 meV yield λqν ’s
of 0.34−0.44 and 0.34−0.35, respectively.
We now consider the superconducting properties based
on the Eliashberg strong coupling theory [16]. The criti-
cal temperature Tc is obtained with the McMillan-Allen-
Dynes formula [17] :
Tc =
ωlog
1.20
exp
(
−
1.04(1 + λ)
λ− µ∗ − 0.62λµ∗
)
, (1)
where ωlog
(
≡ exp
(
2
λ
∫
∞
0
dω
ω
α2F (ω)lnω
))
is the loga-
rithmic average frequency and µ∗ is the effective Coulomb
repulsion parameter. The estimated superconducting pa-
rameters are listed in Table I. Total λ is obtained to be
1.06, which is large enough to classify SrPt3P as a strong
s-wave superconductor. The Debye temperature is ob-
tained to be 169 K which is consistent with the measured
experimental data 190 K [1]. Then the corresponding Tc’s
TABLE I: Superconducting parameters of SrPt3P (N(EF ):
DOS at EF per unit cell). Two values of Tc are for two differ-
ent values of µ∗=0.10 and 0.13, compared with experimental
values of Tc.
N(EF ) λ ωlog Tc T
exp
c
(states/eV) (meV) (K) (K)
SrPt3P 3.95 1.06 7.01 6.20, 5.39 8.4
CaPt3P 4.08 0.82 8.33 4.79, 3.91 6.6
LaPt3P 4.60 0.78 9.00 4.69, 3.76 1.5
of SrPt3P are obtained to be 6.20 K for µ
∗ = 0.10 and
5.39 K for µ∗ = 0.13. Thus the estimated Tc is in good
agreement with the observed Tc of 8.4 K, which indicates
that the superconductivity in SrPt3P is described well by
the phonon-mediated mechanism. As shown in Table I,
Tc’s of CaPt3P and LaPt3P are lower than Tc of SrPt3P,
which is mainly due to the reduced λ’s, as mentioned
above in Fig. 4.
In conclusion, we have demonstrated that the super-
conductivity in SrPt3P is described well by the strong
coupling phonon-mediated mechanism, as in MgNi3C
and MgB2. The superconducting charge carriers corre-
spond mainly to pdpi-antibonding states of Pt(I)-P and
Pt(II)-P ions, which couple to the low-lying phonon
modes confined on the ab in-plane. The electron-phonon
coupling for the former is stronger than that for the lat-
ter, and so two-gap superconductivity is expected to oc-
cur. The 2D-like phonon modes do not break antipolar
nature of SrPt3P and increase the electron-phonon cou-
pling and the critical temperature Tc. No evidence of the
specific phonon softening is detected, and the effect of the
SOC on the superconductivity is found to be negligible.
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